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Abstract (Basic) : EP 52459 A 

Novel thermoplastic polyester copolymers of wt . ave. mol. wt . above 
10000 (pref. above 200000) contain 99.9-50 mol . % beta -hydroxybutyric 
acid repeat units of formula -0-CH(CH3)- CH2-CO- (I) and 0.1-50 (pref. 
1-40) mol.% of units of formula 0-CR1R2 - (CR3R4 ) nCO- (II). In the 
formulae, n=0 or 1, and Rl-4 are each opt. OH or halo-substd. 
hydrocarbon, OH, halogen, or H provided that when n=l and R2-4 are each 
H, Rl is not Me. 

Prodn. of the copolyesters is by cultivating a polyester- 
accumulating micro-organism in an aq. medium on a water-soluble 
assimilable C-contg. substrate, at least part of the cultivation being 
under conditions of limitation for one or more of the essential 
requirements for microbial growth, excluding polyester accumulation. 
The characteristic feature of the process is that during at least a 
part of the time when such limitation holds the substrate comprises an 
organic acid (or salt) which is metabolisable to a polyester other than 
one composed only of (I) units. 



By incorporation of (II) units the crystallinity and m.pt. of the 
prod, are reduced thus making it more suitable for melt processing e.g. 
to film. The copolyesters can also be used in amts. of 0.5-10 wt.% as 
processing aids of vinyl chloride polymers; random copolymers are esp. 
suitable for this use. 
Dwg.1/3 

Abstract (Equivalent) : EP 52459 B 

Novel thermoplastic polyester copolymers of wt . ave. mol . wt . above 
10000 (pref. above 200000) contain 99.9-50 mol.% beta-hydroxybutyric 
acid repeat units of formula -0-CH(CH3)- CH2-C0- (I) and 0.1-50 (pref. 
1-40) mol.% of units of formula 0-CR1R2- (CR3R4) nCO- (II). In the 
formulae, n=0 or 1, and Rl-4 are 

each opt. OH or halo - subs td. hydrocarbon, OH, halogen, or H 
provided that when n=l and R2-4 are each H, Rl is not Me. 

Prodn. of the copolyesters is by cultivating a polyester- 
accumulating micro-organism in an aq. medium on a water-soluble 
assimilable C-contg. substrate, at least part of the cultivation being 
under conditions of limitation for one or more of the essential 
requirements for microbial growth, excluding polyester accumulation. 
The characteristic feature of the process is that during at least a 
part of the time when such limitation holds the substrate comprises an 
organic acid (or salt) which is metabolisable to a polyester other than 
one composed only of (I) units. 

By incorporation of (II) units the crystallinity and m.pt. of the 
prod, are reduced thus making it more suitable for melt processing e.g. 
to film. The copolyesters can also be used in amts. of 0.5-10 wt.% as 
processing aids of vinyl chloride polymers; random copolymers are esp. 
suitable for this use. (37pp) 
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8) tmizmiX^Z. ATCC##ti. the African 
Type Culture Collqction, 1 2 3 0 1 Park Lawn Dri 
ve.Rockvi lie. Maryland 2 0 8 5 2U.S.A.T'4i.^^l * 50 



*tzm?bi. ±ieoao. wtm*. st^itmm 

WtLTfflO£tf)* { i?xU\ Alcaligenes eutrophus 
HI 6ft (ATCCNo. 1 769 9) <i. 7)VO-X 

£*ffci$r^a»\ zn%mtmiiimcr>i i/7b. S3 

01/C5. S501/C29i>J:tfS501/C4 Hi. 

mn^mnx-hz. 

jff>jx.*^«:*lrfSIIIBIi. Wi.tfUSP3 1 
07 17 2(^-TJ:3l:. *<?)itTf8Mtt®tlxm 

&4rtW4*»MF*L^. -nit. wi&zmmm. <x 
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1 5 

5 1 2 

n^h/^^-TIMSlftSlWH 1 * (Mw) 1 

*fi L<{±, Mwti50. OOOtii, ±0*?iL<{il 
00, OOOJiLh, 8K200. OOOtJJiT*^. 

mmm\m^-TX'cr)m.^mmimm m tx nt- 

(Tg) bM&t<7)l&)mx. -»*fcli**ua 
HJfcfl 1.. 

^♦-hCSSIU CtoiTCAlM^/WJjJ-^ittJ 
CoAt5r4. ^^uBKwJW/HJf'f^HkTtt, Pf 

i( co 2 

bixmm&btih. m&vwMhiwucm. 

Alcaligenes eutrophus3E:IM*NCIB 1 1 5 9 9$-, 3 . 

'maivmnt ix<r>7)v-3-xi:%ts*.mmAt: 
ft. 

(NfohSO* 2g 

MgS04-7H 2 0 0. 8« 

KzSft 0. 45g 

HsPft ( 1 . 1M) 1 2m\ 

Fe50i«7HiO 15m 

Ml7im& 2 4.1 



Uft. 

C11SO4 -5H 2 0 
ZnS04 -6H 2 0 
&1SO4 -4H2 0 
CaCh-2H 2 0 



1 6 

0. 02g 
0. lg 
0. 1 g 
2. 6g 



4*»flt* { 4 . 5 g/ 1 leg tft t * . wh&omm 

aj6Wft»Lft». 1 -'*C-rnW+-h^07 
ntr*yir/-:n g/iSr//V3-^fctt(cl»H 

tan*. RPis^raiattLft. awe, mmvmz 

10 J:»)®RL. *^£?no*/l^ri*aJlft. 5^ 
Lft£*li. ^i'S&££?nn*^AfcfcK?>9. 5 
^Lft*^*M?#&«#Xi: ITftfc IfcAofc 
IfcfcSLft. Ifttf^T, ^fc<ifc«*>j!w07nt 

***cM*a**ift. 
mt« 2. (ik«ffi) 

Alcaligenes eutrophus StM&NC I B 1 1 5 9 9$. 
IMsTvi «S9&<0fij*£:rfS*ttfcJftB4 0 0«I 
5-#tf5i^'7^5tR»ST'. PH6. 8. rMXTCfl 

(NH«hS0» 4g 

MgS04>7H 2 0 0. 8g 

K2SO4 0. 4 5g 

H3P04(1.1N) 12il 

FeSOWfoO 1 5ng 

HHWlTffl^ft 2 4nl 

?fi,*-X Sr. 8g/hrcoW^X'R»»(C^Lft. « 
ttBORflitta**)*!*, PHB$-^i^^2 6g<0W 

4o«mft. iffliK^it^itriiwxtft. wrnmrn 

*U ££ft$ ? on*jkfcT*Kil Lft. 
HUM 3. 

2ttfcH2*l*3EU:a*. «8SfiJl34gtcaLftt». 
7>\,a-Zcr)ftt)1,Z7vV*>®t:2. 8g/hr<0M£ 
•CiWSfcfi^tft. 
gffcffl 4. 

HftffOS-IBILft**. rDt^y»(?)fik|ft<±|f)BM 
3 9g(;^Lfti:#(crafeUft. 
40 mm 5. 

3mw3tii£Lft* j . Toh'^>K<o«^i, mm 

15 6gCilLftfc*Ctt«>fe. 
UttW 6. 

Htt«3«:IBELft3&«. J«BSft4 8gt3iU:fc&« 
•)(:7Db-3r>|$$4g/hr^fJ^T\ 88»+5r^(*:Sr 

atxftteift. 
50 mtM 8. 



(9) 

1 7 

2g/hr s T 

ntr*>R2. 8 g/hr?)ff|£-C\ //Un-XfcitfT 
IQtW 9 

3atW8*«>gLfc#. MMl28gl3ilfcfc*. 
7^3-^6. Sg/hrfcit^rat^-yKl . 2 g/ 

30tW2-9?Ji. Tne#VHU4 0 0g/«fcfctf 
ftMblXW&Ultz. 10 

%ttn io. 

HJ6(H3-6fcJ:lX8-10Tli, RBStcfft&LfcR 
Ofil*ttBttfil*<2 6 gfcitltt* ( Hft*OflX# 

ijrt»Cit*4i?. MP£tttCU:. 20 
HJtM 11. 

gJtffl 2 i&Mltztf. JflBftMtf 2 6. 4gCS ix- 
^3-Xi0ft l ?(w3^Dnratf3}->KSr4g 
/hr^Sl^r 5 *IHW»t:{Ktt Lfc . 
£Jtfl 12 

Iftli, HHSM3 4. 4gfcitLfci:Sfc:IIKnLfc. 
%ttR 13. 

30tWl2**SU:#, IMBSft3 0g(3iU:fc 

3-?anrnt*yR4g£HK(caa>llU »n 30 
■W*3-.X*6. 8g/hr^a*T7«fiBfl«ftLfc. 
XIM1 1^-1 3Ttt. 3-?nn7ntt^8li. 5 
Og/'««r*tr*arPJSlDLfc. 
»t« 14. 

£JtW2£»SUc#. IKA13 1 gfcfr-Pfcfc*. 
7)Va-XffHX.*)1,ZT9*)fVlSte4 g/hrcOtt&T5l* 
IfflWHfcttttLfc. 7? U/t-Rtt. 1 0 0 g/t 

* l X 
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1 8 



& 
« 




em 

tttie 

(%) 


m 


sss 

(wt%) 


2 


nti 


0 


20.0 


70 


3 




75 


15.6 


70 


4 




50 


13.3 


60 



40 



« 


at 


flit* 




SIS 
888 


D 






16.0 


70 


6 




4 


13.0 


63 


7 




100 


6.4 


55 


8 




17 


13.6 


55 


g 








R7 


10 


•< VBMt 


66 


13.0 


90 | 


11 




61 


7.4 


25 

, 1 


12 




33 


4.5 


20 


13 




6.5 


9.3 


35 


U 


r ? »; ;m 


50 


6.0 


25 



tt* fltK£itti*BlffiK^Lfctt<7)ttt,4ll 

tf-rKsifciS-e**. 
mtm2~~ 1 4cofi^-(*co*m*«c#(ic7)*ii» <«)ia 

jS&m-X^? box 3 -Tic J: OSfcgL*:. 
fc. 

MMHfrfc. £tt#l2. 11. 1 2fcJ:yi 30S£ft 
£££35 2 f&fc*U:. 

jiai$it$:*>o£. Lfca^T, 3-?na7a£*>- 
ttWfta+CHClj&^fcWiT, f#^ni**-Df*Z* 

nx^/uacoftOt;, R> t LTXf-;HsJ:tf2-tF 
o*vXf-/U»ft»e$:o*:. trt'U 5UfcWl 1-1 
3 <0££tt?)tS3&£3rM«i . ^Fn&mtf 2 -9u dx 
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19 20 
% 2 S 





BE 












NMRt: 

J:* 




10"* 


it/ 
tfn 


(m) 


2 




— 


0 


0 


292 


2.75 


265 


3 






27 


33 


207 


4.23 




4 






24 


27 


374 


1.89 




5 






13 


14 


258 


3.50 




6 




+ 


6 


3 


348 


1.66 




7 


H± 


xf;t 


25 


26 


336 


1.70 




8 




xf-n* 


15 


14 


389 


1.67 




g 


PLk 


xf-;v 


6 


7 


243 


2.56 




10 






30 


29 


274 


2.38 




ii 




2-t Ko + '>xf/b 


7 

1.8 




383 


2.99 


475 


12 




x^;i/ 

2-t Ko+i/xf^ 


4 

1.2 




376 


1.77 


265 


13 




2 t Kp*i/xf*;u 


2 

0.6 




311 


1.99 


45 


14 




2-t Kn#S/x*-/u 


6.5 




353 


2.36 





&ft#W 3 C mtm*X~* %KM3-1 onu&s 

? b -ce* *>zt mm itz . ikv^x .mi ax 

tXII ( n=l . Ri =C 2 H 5 , R 2 = R 3 =H) 

CJ?, Ctf, 
-OCHCHtCOCHCHtCO 

B. ^/I-h-^/X-h 

Ciifi CtA 

c. rf-p-b-^y^/x-h 

OCBC&COCHCHt • CO- 

m&M2-l 0*>»£*tf>NMR«aBi. 6 
9. 07. 1 69. 25i>«fctXl 69. 4 4pprCifi£ 
h3®<r)M%i^Ltz. M. Iida^CHcro»lesl 1 
(19 7 8) p 4 9 0 ) tcjrftlf, 169.0 7pp«T 

<o#»«. y+xs-v-y+v-vnifnAX'b 1 ) , 1 

69. 4 4pp«{i:'<.y^yx-l--'<.>'^yx-h«r)Fff 
?|BT*>£. ftlfttCifttf. 169. 2 5pp«T'<0^^ 



* I). 

1 0 <0*£*O N M R<^J|k3£ftlWMr(2. & 

*WA (y-fU-h-^f-U-h) 5 5% 
#?IJB 14% 
30 ff^lJC (^f-W-h-^^yx-h) 31% 

wjx^tsnii. nifcw i o^a:^«c^ii{i i tixvu 

(n=l, Ri =C 2 H 5 R 2 =R3 =R" =H) 

50tW2~14O»^(Wi. £S5D (-) A<fciES£* 
LTUfc. frfc. COD (-) ittfiwam-c. Dl± 

( - ) tt£ilifc^a < «#iB£:£^IIH£3tf4 £ t ZM 
40 tttS. 

T-^-Wf^'a^ 1 0 9 O^X-f AfrfflWt, 
5t"$*^£^3SEi!?l£W£ (DSC : differential scanning 
caloriietry) T'i*£U:. DSC£. ^O'CT'Efc 
mi. a5£CttAfcLfclHi*f**fc*>fc:. 7VX+ 

*<i2** T 2 0 •c/#tud» L . x ? - h 

( t s ) fc *vmm»M<?)*:-?vr<7)m. ( t p ) * 

50 «S^20 0t:i'Clt»L. 3S*trJSMlS*4fcttliHB 
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2 1 22 

X 3 £ 







7~- 'J Ufltzt&frtoUBC 


(f/d) 


Ts'C 


TpIC 


HWJ/l) 






TpIC 


BWJ/c) 


2 


140 


183 


100 


5.9 


140 


191 


127 


1.256 


3 


120 


125 
166 


5 

20 


-1.9 


140 


171 


18 


1.172 


4 


120 


170 


50 


0.8 


140 


182 


44 


1.174 


5 


no 


120 
170 


5 

50 


2.2 


140 


177 


45 


1.200 


6 


120 


172 


100 2.7 


120 


173 


96 


1.225 


7 


80 


132 


34 


0.4 


80 


132 


40 


1.198 


8 


no 


120 
166 


6 
60 


2.0 


140 


174 


43 


1.199 


9 


110 


156 


89 


4.0 


no 


163 


81 


1.210 


10 


50 


65 
120 
168 


10 

3 
25 


-2.0 


130 


172 


26 


1. 138 


11 


110 


170 


57 


5.0 




180 


73 




12 


110 


177 


86 


4.1 


120 


173 


86 


1. 182 


13 


100 


172 


98 


5,9 


120 


171 


96 


1.218 


14 


no 


172 


84 


2.7 


no 


174 


75 


1.212 



^<(7)DSCt-^, £it#3. 5, 8fcJ:l/10co 

f*?>£ttfR|3M 4coS£f*<i. ±S3Sfl5W2<0*t!»8* 40 
391191 15. 

Alealigenes eutrophus3EIH*NCl R 1 1 5 9 9 fc, ^Ktt 
teiftC (^WlttJftBtHtT*** 5 . PHB5r£*4b 
«B8 . 5 g/l fcjaW&OtatfttrKIiTyt-T 
5. 2 g/ITfcOfc) 40 00«l££tl5 

pH6. 8. 3 4trCiM«MiCJ:0IM* 



ft«^f«i. R«#&H (R-C2JfeR2 = R3 =R4 = 

H. n=l ) 2 0**X*^THfc. 

4350. OOOSrtfU HWf-^x-M^bvfc:** 

ttr**3fc. &S£#2g£, yf-/UXf-;^h>l 0 

oircn*isa»r*i:. ±«mfu:. 

i'HW* i El**2 g iX+AsX+fr* h y 1 0 Oil 
taatUfc k * . Lfc**«^Wi 0 . 1 gWFT 

m«.TX b tsmtt k , i waaaak* 

0. 7g. **S£<*0. 04gOT«Uc. 
^flfclWL, klallen^K^J: ^Environmental Science an 
d Technology 8 ( 1 974 ) p. 5 7 6~5 7 9t£ 
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2 5 



26 



7 81= J: 974 V7 h WMMrcifttLfc. 

» 4 



* 





HV/HB*^ifc 


(Chi) 


31381* 
(**) 


earn 

(36) 


T-f •/?h«WMKj/*> 










16 


18/82 


20/80 


1.47 


25 


10-31 


66 


463 


17 


4/96 


6/94 


2.98 


33 


5-7 


23 


140 


18 


8/92 


7/93 


2. 10 


31 


14-19 


106 


408 


19 


1/99 


4/96 


2.70 


35 


8-14 


56 


191 


20 


4/960 


4/96 


2.48 


35 


8-15 


23 


140 




0/100 


0/100 


3.25 


40 


6-13 


65 


115 



mm 2i. * 

USE 

(i) «tt^**a^* (K62) 100 

(ii) v-N-^3r^'j3-;Hrx^f-;K-x<Of- 
**7*/kAX***>33£fltf< 1. 5 

(iii) **/kX*$";u-h/7** 20 

VCffSKSffl 8 

(iv) «7y?x (*Mffi*»JW) 0. 8 

(v) ^>;-fe';ytyxA-fyKrt«}iKtJW) l 

(vi) HBS£ft (jQXfiWfl) 2 
HBS^flnlBMWi, (XmtOTtOIt: 

(a) HUM 2 TUfc /9 - 1 F n* HMR*% 

(b) £|fe0»7<7)*S£tt (£S£ftA) 

(c) HJtWI l 60ftft-&ft (£S£ttB ) 

anznnii. i owttrx ? 1> — ftL , msffli*jt/^ 30 
ss&wtu pvc«a»a^)tE^-rsi»t^ iw 

1. tB£^5 0g£. 5 kgOMrJlS ltzB3&J*n 
TT1 SrpB-CEJISU 1 8 OXXtfftl^Brabender P 
lastograph<Ofi£^7 KCJSA It. y/MfcWBS £{= 

2. «^**»E«LT#^yK^fcL. 70 
TTt=lt8U agl«t5i^7yH^2 0Bin<0R^'J 40 
74*£*-fi*'4 S-JRWt3t#aJLU*>-^-t« 

a. us. btjim<i 7 o*c(cjngft$<i/ifjt. a^s-taja 



gift 


<*) 


17D*CtM»ffmL 


9m. 






12 








9.5 








1.0 


flBf, SibTXA 

-X 






1.5 


») 





50 



jH=£S£*B«k9^frO^. 
Sdt« 22. 

(NfohSOi 1 g 

KH2PO4 2g 

(NahtTO* 3 g 

MgSfc.7H 2 0 0. 2 g 

CaCh 0. 0 1 g 

FeStfe-mO 0. 00 5 g 

JhSO4-4H20 0 . 0 0 2 g 

NaaCfo-lOfoO 0. 1 g 

(NHzhCO 1. 5g 

m*>* £ftt-i uz-ti 

tgtfe^pHli, 7X'hr>tz. 

Tt#)*??V>mo. 5g£igjKLtt31ftH5 0 0«l 
£-*-il-Fft&tf8ffl£>l tmtoyyXai.Z, Nocardia 
salwoicolorflcATCC 1 9 1 4 908^*^5 

#»ft2 4l*|8L 4 8B*Hfc.l:tX7 2l$ia<0(SWlT\ & 

'J /UBE0 . 2 5 g 9 6 BflSJttfcllfOfc . ft 



(1 

27 

ffik \ 0 8«MfrC\ Zyyxm&Eltz. HftyyX 
Kit- KfcU 5Hl^«LT«BmU'ybtLT, * 
8 1 gttofc, «flHK^HIl**JI(>%£L. 6 9. 



4) ft&¥6-15604 
28 

7 5g/«?*ofc. lt:tfr>X. mfaklX7yZ 
ilzmaltzMmn-kMMll. 2. 7 9g?*ofc. 



<72)*WI# x+-7v ■ t jl- • 3 1; 

•^U^n^y-r^VF • Xb'/fb'y 

-*y-T4-x- j-yv ■ ?y- 
yy-by fr-n (Sift&u 



(72)%.®% K ■ 7^r';y? • 54 h 

A ^uxm^v-ryyb' ■ xbvtby 
-ty-T^-x- y-by -f • /'J- 



(56)##*K Bttft ff 2948023 (DE, A) 

ttKHWHW^KWHFVj (1850. 

3. 30. mmtsm. p. 207-208, n 

4, 13) 



